SPECIFICATION 
OIL ADJUVANT VACCINE 

TECHNICAL FIELD OF THE INVENTION 

The present invention relates to an oil adjuvant vaccine. 
5 More particularly, the present invention relates to a W/O/W type 
oil adjuvant vaccine superior in an adjuvant effect and stability 
as a preparation. 

BACKGROUND OF THE INVENTION 

Oil adjuvant vaccines have long been known to efficiently 
10 potentiate immunity. Particularly, the Freund's adjuvant shows an 
extremely superior immunity potentiating effect when using an 
inactivated antigen and is a representative adjuvant widely used 
p in animal tests. However, since this adjuvant also causes strong 
jO side effects such as severe abscess and granuloma, it is used only 
r^X5 in laboratories. 

CP Thus, many attempts have been made to reduce such side 

^ effects and to apply an oil adjuvant to general use. Oil 

N= adjuvants have various preparation types, such as a W/O type like 

j\ the Freund's adjuvant, an O/W type superior in safety, a complex 

j=£0 W/O/W type and the like. 

^ For example, JP-B-6-81731 reports a W/O type oil adjuvant 

O containing anhydrous mannitol oleic ester as a surfactant and 
D liquid paraffin as an oil component, and WO91/00107 (Japanese 

Patent Application under PCT laid-open under Kohyo No. 4-506521) 
25 reports a low viscosity W/O type oil adjuvant containing a 

metabolizable oil, such as vegetable oil, and an unmetabolizable 
oil, such as mineral oil in combination as an oil component. 

In addition, WO90/ 14837 discloses an O/W type adjuvant as 
an adjuvant preparation containing a sub-micron oil drop emulsion, 
30 and EP-A-315153 discloses an O/W type vaccine adjuvant containing 
an emulsifier containing a POP-POE block polymer and glycopeptide 
as an immunostimulant . 

Of these adjuvants, a W/O type oil adjuvant shows a high 
immunopotentiating effect but has a tendency to remain at the site 
35 of injection due to the continuous oil phase of the preparation. 
In not rare instances, it develops sterile abscess and granuloma 
in the vicinity of an inoculation site, and possibly causes a 
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sharp pain during inoculation. Therefore, this type of oil 
adjuvant has been limited in use as a preparation allowing for 
direct inoculation to a body. An O/W type oil adjuvant shows a 
light topical response at an injection site and is superior in 
5 safety. However, since an antigen is contained in a continuous 
phase, it quickly diffuses at the site of injection, making a 
sufficient effect difficult to be provided, and often requires a 
specific immunostimulant. 

In view of the above situation, a new type of an oil 
10 adjuvant, W/O/W type oil adjuvant, has been under investigation in 
recent years. 

For example, WO91/00106 discloses a W/O/W type multi-phase 
^ emulsion that becomes W/O type upon exposure to the body 
2 temperature of an animal after injection. This technique fails to 
\J15 solve all the problems associated with conventional W/O type oil 
J adjuvants, such as topical response and the like, because an oil 
yj adjuvant is present in the body in the form of a W/O type adjuvant. 
=; Because a W/O/W type oil adjuvant takes the form of a 

H complex emulsion, the stability as a preparation cannot be 

f720 maintained easily, as compared to a W/O type and an O/W type oil 
p adjuvants. Therefore, a W/O/w type oil adjuvant vaccine expected 
^ to simultaneously show the characteristic features of a W/O type 
g that exhibits superior adjuvancy and an O/W type superior in 

safety poses many problems to solve before it enables development 
25 of an oil adjuvant capable of exhibiting well-balanced 
characteristics of the two types. 

The present inventors have shown/ in USP 5,814,321, a W/O 
type oil adjuvant vaccine superior in safety and preparation 
stability and a W/O/W type oil adjuvant vaccine obtained by 
30 dispersing the W/O vaccine in an aqueous phase. 

However, a W/O/W type oil adjuvant vaccine prepared by a 
conventional technique shows great variation in properties 
depending on the formulation and the method of preparation. It is 
associated with the problems in that an antigen component 
35 sometimes increases viscosity strikingly and stable introduction 

of immunity is not feasible as compared to a W/O type oil adjuvant. 

SUMMARY OF THE INVENTION 
It is therefore an object of the present invention to 
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provide a W/O/W type oil adjuvant vaccine improved in storage 
stability as a preparation and in topical response at an injection 
site, which shows a high immunological effect. 

In accordance with the present invention, there has been 
5 provided a W/O/W type oil adjuvant vaccine comprising, in an outer 
aqueous phase, a specific amount of a polyethylene glycol 
derivative having a specific molecular weight, which vaccine shows 
high stability as a preparation, superior safety in terms of 
topical response and the like, and a high immunopotentiating 
10 effect. 

Accordingly, the present invention provides the following. 
(1) A W/O/W type oil adjuvant vaccine comprising an outer aqueous 
phase containing 0.5 - 20 wt% of a polyethylene glycol derivative 

O having a molecular weight of 400 - 20,000, which is represented by 

HL5 the following formula (I) 




hssss 

u wherein R 1 and R 2 may be the same or different and each is a 

hydrogen atom or alkyl having 1 to 4 carbon atoms and n is a 
[T20 polymerization degree, and an inner aqueous phase containing a 
□ biologically acceptable and effective amount of an antigen. 
^ (2) The oil adjuvant vaccine of the above-mentioned (1), wherein 

the polyethylene glycol derivative of the formula (I) has a 

molecular weight of 1,000 - 10,000. 
25 (3) The oil adjuvant vaccine of the above-mentioned (1), wherein 

the outer aqueous phase contains 1-10 wt% of the polyethylene 

glycol derivative of the formula (I). 

(4) The oil adjuvant vaccine of the above-mentioned (1), which is 
a W/O/W type oil adjuvant vaccine prepared by dispersing or 

30 emulsifying a W/O emulsion prepared from an oil component (A) 

which becomes liquid at room temperature, an emulsifier (B) and an 
aqueous component (C) containing a biologically acceptable and 
effective amount of an antigen, in a liquid containing an 
emulsifier (D) and an aqueous component (E), wherein the liquid 

35 contains 0.5 - 20 wt% of the polyethylene glycol derivative of the 
formula (I) having a molecular weight of 400 - 20,000. 
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(5) The oil adjuvant vaccine of the above-mentioned (1), which is 
a W/O/W type oil adjuvant vaccine prepared by dispersing or 
emulsifying a W/O emulsion prepared from an oil component (A) 
which becomes liquid at room temperature, an emulsifier (B) and an 

5 aqueous component (C) containing a biologically acceptable and 
effective amount of an antigen, in a liquid containing an 
emulsifier (D) and an aqueous component (E) # and then adding the 
polyethylene glycol derivative of the formula (I), which has a 
molecular weight of 400 - 20,000, to the outer aqueous phase to a 
10 concentration of 0.5 - 20 wt%. 

(6) The oil adjuvant vaccine of the above-mentioned (4) or (5), 
wherein the oil component (A) , which becomes liquid at room 
temperature, contains a fatty acid ester and/or squalene in a 

O proportion of not less than 20 wt% of an oil phase. 

^15 (7) The oil adjuvant vaccine of the above-mentioned (4) or (5), 

O wherein the emulsifier (B) has an HLB of less than 10. 

(8) The oil adjuvant vaccine of the above-mentioned (7), wherein 
O the emulsifier (B) contains at least one member selected from a 
^ partial ester of polyhydric alcohol and a fatty acid and a non- 
5 nS0 ionic surfactant having a polyoxyethylene chain. 

(9) The oil adjuvant vaccine of the above-mentioned (4) or (5), 
hj wherein the emulsifier (D) has an HLB of not less than 10. 

O (10) The oil adjuvant vaccine of the above-mentioned (9), wherein 
^ the emulsifier (D) contains a non-ionic surfactant having a 
25 polyoxyethylene chain. 

DETAILED DESCRIPTION OF THE INVENTION 
The oil adjuvant vaccine of the present invention is 
prepared by dispersing or emulsifying (Step 2) a W/O emulsion 
prepared (Step 1) from an oil component (A) which becomes liquid 
30 at room temperature, an emulsifier (B) and an aqueous component 
(C) containing a biologically acceptable and effective amount of 
an antigen, in a liquid containing an emulsifier (D) and an 
aqueous component (E), wherein an outer aqueous phase of the 
ultimately obtained W/O/W type oil adjuvant vaccine contains a 
35 specific amount of a polyethylene glycol derivative having a 
specific molecular weight. 

The oil component (A) which becomes liquid at room 
temperature constitutes a continuous phase of the W/O emulsion 
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prepared in Step 1, and constitutes an oil phase that becomes a 
dispersion phase of a W/O/W type oil adjuvant vaccine obtained in 
Step 2. In the present invention, by the oil phase is meant an 
oil phase in this W/O/W type oil adjuvant vaccine. In this 
5 specification, by "at room temperature" is meant a temperature in 
the range of 15 - 25°C- The oil component (A) which becomes 
liquid at room temperature can be selected for use from ester and 
non-ester oil bases conventionally used for food, pharmaceutical 
products, cosmetics and the like, which become liquid at room 
1 0 temperature . 

The non-ester oil base which becomes liquid at room 
temperature may be, for example, hydrocarbon such as light liquid 
paraffin, squalene, squalane, polybutene and the like, fatty acid 
O such as saturated middle chain fatty acid (e.g., caprylic acid, 
~l5 capric acid and the like), long chain unsaturated fatty acid (e.g., 
O oleic acid, linolic acid, linolenic acid and the like), middle 
f\ chain or long chain aliphatic alcohol and the like. Examples of 
O the ester oil base which is liquid at room temperature include 
^ various fatty acid esters derived from saturated middle chain 
1=20 fatty acid such as caprylic acid and capric acid, or unsaturated 
jz long chain fatty acid such as oleic acid and linolic acid and 
jTj alcohol, as well as naturally occurring fatty acid esters, such as 
O liquid vegetable oil (e.g., peanut oil, olive oil, saff lower oil, 
~ sunflower oil, jojoba oil and the like), a liquid oil from animals, 
25 such as orange roughy oil, and the like. 

As the oil component (A) , one of the above examples may be 
used, or two or more from the above examples may be mixed and used. 
Of these oil components, an oil such as fatty acid esters, 
vegetable oil and squalene beneficially have relatively high 
30 resistance to oxidation and high affinity for a body. As an oil 
component to be used for the oil adjuvant vaccine of the present 
invention, therefore, one or more from these oils is /are 
preferably selected. Particularly, as a fatty acid ester, an oil 
base made from an esterified compound of cis-A9-unsaturated fatty 
35 acid having 16 to 22 carbon atoms, which is also a constituent 

component of a biological lipid, and alcohol having 1 to 3 carbon 
atoms, is preferable. 

Moreover, by containing a fatty acid ester and/or squalene 
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in an oil phase at least in a proportion of not less than 20 wt%, 
the final oil adjuvant vaccine can further reduce side effects 
such as topical response and the like and improve safety. When a 
fatty acid ester and squalene are concurrently used, the total 
5 amount thereof should be at least not less than 20 wt% of the oil 
phase. 

In the present invention, one or more surfactants showing 
high safety for a body, which are generally used for 
pharmaceutical products and food, can be selected and used as the 
10 emulsifier (B) and the emulsifier (D) constituting an oil adjuvant 
vaccine. 

The emulsifier (B) is used in Step 1 for preparation of a 
W/O emulsion consisting of an aqueous component (C) containing an 
O antigen and an oil component (A) . 

Cp-5 A surfactant used as the emulsifier (B), in view of the 

□ stability of the final W/O/W type oil adjuvant vaccine, is 

y\ preferably lipophilic. That is, it preferably has a relatively 
O low HLB (Hydrophilic-Lipophile Balance), particularly preferably 
7* HLB of less than 10. The emulsifier (B) may be of a single kind 
i=20 or a combination of two or more kinds. In this case, the 

emulsifier (B) is preferably selected to make the overall HLB less 
hj than 10. 

□ More specifically, a partial ester of polyhydric alcohol 

= and fatty acid, such as sorbitan fatty acid ester (e.g., sorbitan 
25 monooleate, sorbitan dioleate, sorbitan sesquioleate etc.), 
glycerol fatty acid ester (e.g., glycerol monooleate etc.), 
polyglycerol fatty acid ester (e.g., diglycerol monooleate, 
diglycerol dioleate etc.) and the like, a non-ionic surfactant, 
having a polyoxy ethylene chain in a molecule, such as 
30 polyoxy ethylene sorbitan fatty acid ester (polysorbate) [e.g., 
polyoxyethylene ( 20) sorbitan monooleate etc.], polyoxyethylene 
hydrogenated castor oil, polyoxyethylene polyoxypropylene glycol 
and the like are used. Glycerophospholipid containing naturally 
occurring lecithin can be also used. 
35 Of these, a partial ester of polyhydric alcohol having 3 to 

10 hydroxy 1 groups in a molecule, such as sorbitan, glycerol and 
polyglycerol, and a fatty acid having 12 to 20 carbon atoms, and 
hydroxy fatty acid triglyceride added with a polyoxyethylene chain, 
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which is represented by polyoxyethylene hydrogenated castor oil, 
are particularly used in combination, such that the overall HLB of 
the emulsifier (B) is less than 10. In this way, a W/O/W type oil 
adjuvant vaccine having much superior stability as a preparation 
5 can be obtained. 

In the present specification, the HLB is determined 
according to the formula proposed by W.C. Griffin [W.C. Griffin, J. 
Soc. Cosmetic. Chemists, 1, 311(1949)]. 

For the preparation of the oil adjuvant vaccine of the 
10 present invention, an emulsifier composition is used as a 

component constituting a W/O emulsion containing an antigen 
solution, which is obtained by mixing, in advance, amino acid or a 
salt thereof and an aqueous solution containing nonreducing sugar 
Q or sugar alcohol having at least 5 hydroxyl groups in a molecule, 
Q.5 and partial ester of polyhydric alcohol having 3 or more hydroxyl 
O groups and a fatty acid, which is a non-ionic surfactant that 
fl becomes liquid at room temperature, along with the above-mentioned 
Q emulsifier (B) to enhance the effectiveness of the oil adjuvant 
^ and preparation stability. The amino acid or a salt thereof, and 
1=20 sugar or sugar alcohol used in the form of an aqueous solution can 
!Z be selected from those generally used for food, pharmaceutical 
hi products listed in the Japanese Pharmacopoeia and Japanese 
Q Pharmaceutical Codex drugs. The antigen solution used here may 
= have any form as long as it is a liquid, and is exemplified by 
25 solution, suspension and the like. For example, the amino acid or 
a salt thereof may be glycine, alanine, arginine hydrochloride, 
histidine, phenylalanine, sodium aspartate, potassium aspartate, 
sodium glutamate, potassium glutamate or a hydrate thereof, 
wherein sugar and sugar alcohol are preferably selected from 
30 trehalose, xylitol, sorbitol, mannitol, maltitol, lactitol and the 
like . 

The above-mentioned emulsifier composition is obtained by 
preparing an aqueous solution containing the above-mentioned amino 
acid or a salt thereof and the above-mentioned sugar or sugar 
35 alcohol, and mixing and stirring the aqueous solution with the 
above-mentioned non-ionic surfactant at a weight ratio of 10:1 - 
1:1 (aqueous solution : surf actant) . The emulsifier composition is 
used in a proportion of about 1-20 wt%, preferably about 2-10 
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wt%, of a W/O emulsion containing an antigen solution* 

The emulsifier (D) is used in Step 2 for dispersing or 
emulsifying the above-mentioned W/O emulsion in a liquid 
containing an emulsifier (D) and an aqueous component (E). 
5 A surfactant used as emulsifier (D), in view of the 

stability of the final W/O/W type oil adjuvant vaccine, is 
preferably hydrophilic and has a relatively high HLB value , which 
is particularly preferably not less than 10. This emulsifier (D) 
can be used alone or in combination on demand. In this case, the 
10 emulsifier (D) is preferably determined to make the overall HLB 
not less than 10. 

More specifically, a non-ionic surfactant having a 
polyoxy ethylene chain in a molecule and having an HLB of not less 
C3 than 10, such as polyoxyethylene sorbitan fatty acid ester (s), 
Cls polyoxyethylene hydrogenated castor oil, polyoxyethylene 
£3 polyoxypropylene glycol and the like, is used. These surfactants 
Z\ may be used in combination with a partial ester of polyhydric 
□ alcohol and fatty' acid, such as sorbitan fatty acid ester, 
l~ glycerol fatty acid ester, sucrose fatty acid ester, polyglycerol 
|=20 fatty acid ester and the like, and glycerophospholipid containing 
JZ naturally occurring lecithin. Of these, the use of particularly 
Gj polyoxyethylene polyoxypropylene glycol alone or in combination 
3 with other surfactants enables preparation of a W/O/W type oil 
^ adjuvant vaccine having superior preparation stability. 
25 The glycerophospholipid to be used as emulsifier (B) or 

emulsifier (D) may be, for example, naturally occurring 
phospholipid such as phospholipid extracted and purified from egg 
yolk and soy beans and hydrogenated adduct thereof, and various 
synthetic phospholipids and lysophospholipids wherein the 
30 composition of acyl moiety and base moiety has been controlled. 

In the W/O/W type oil adjuvant vaccine of the present 
invention, the aqueous component (C) constitutes an aqueous phase 
which is a dispersion phase in the W/O emulsion prepared in Step 1 
and constitutes an inner aqueous phase dispersed in an oil phase 
35 that is a dispersion phase in the final W/O/W type oil adjuvant 
vaccine. The aqueous component (C) contains various antigens. 

The antigen to be contained in the aqueous component (C) 
may be of various kinds and may have various forms . More 
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specifically, inactivated cells , inactivated viral particles, 
inactivated Mycoplasma generally used, as well as pathogen 
infection preventive factor, such as attachment protein, envelope 
antigen and the like used for subunit vaccine, are used. The 
5 inactivated cells may be Gram-negative bacteria such as 

Actinobacillus pleuropneumoniae , Escherichia coli f etc., Gram- 
positive bacteria such as Erysipelothrix rhusiopathiae, etc., and 
the like. The virus of the inactivated viral particle includes, 
for example, Japanese encephalitis virus and the like. The 
10 Mycoplasma of the inactivated Mycoplasma is exemplified by 
Mycoplasma of pig and chicken. As the pathogen infection 
preventive factor, F protein of New castle disease virus is 
exemplified. It is also possible to use a combined vaccine 
£3 containing plural antigens. 

Q.5 The oil adjuvant vaccine of the present invention may 

O contain, in addition to an antigen, an efficacious component other 

than the antigen, such as antibiotics. Examples of the 
O antibiotics include Kanamycin sulfate, oxytetracycline 
l~ hydrochloride and the like. 

S-20 The biologically acceptable and effective amount of an 

CI antigen in aqueous component (C) is determined as appropriate 
yj according to the object and the kind of antigen to be used, 
y In the present invention, the above-mentioned antigen is 

contained in the inner aqueous phase. Even when a part of the 
25 antigen leaks out into the outer aqueous phase during the 

preparation process of the W/O/W type oil adjuvant vaccine of the 

present invention, the effect of the present invention is not 

impaired . 

In the present invention, the aqueous component (E) 
30 constitutes the outer aqueous phase of the W/O/W type oil adjuvant 
vaccine. More specifically, the aqueous component (E) is selected 
as appropriate in consideration of the stability and safety of the 
final adjuvant vaccine to the body. For example, physiological 
saline, phosphate buffered physiological saline and the like are 
35 used. 

According to the present invention, the polyethylene glycol 
derivative contained in the outer aqueous phase of an oil adjuvant 
vaccine is expressed by the following formula (I): 
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wherein R 1 and R 2 may be the same or different and each is a 
hydrogen atom or alkyl having 1 to 4 carbon atoms and n is a 
polymerization degree. 
5 In the above-mentioned formula (I), alkyl having 1 to 4 

carbon atoms at R 1 and R 2 may be a linear chain or branched chain, 
and is exemplified by methyl, ethyl, propyl, isopropyl, n-butyl, 
isobutyl, sec -butyl and tert-butyl. Suitable R 1 and R 2 are 
hydrogen atom, methyl and ethyl, wherein hydrogen atom is 
10 particularly suitable. Suitable combinations of R 1 and R 2 are 
hydrogen atom and hydrogen atom, hydrogen atom and methyl, 
O hydrogen atom and ethyl, methyl and methyl and the like. The 
vj combination of hydrogen atom and hydrogen atom is particularly 
y suitable. The n is a polymerization degree that makes the 
y}5 molecular weight within the range of 400 - 20,000. 
p The polyethylene glycol derivative of the above-mentioned 

1~ formula (I) has a molecular weight of 400 - 20,000, preferably 
H 1,000 - 10,000, particularly preferably 3,000 - 9,000. It is 
JIJ contained in the outer aqueous phase in a proportion of 0.5 - 20 
1=20 wt%, preferably 1-10 wt%, more preferably 1-5 wt%, of said 
irf phase . 

When the polyethylene glycol derivative has a molecular 
weight of less than 400 or when the content is less than 0.5 wt%, 
a sufficient viscosity-decreasing effect cannot be achieved. In 

25 addition, the effect as an adjuvant may be weakened. When the 
molecular weight of the polyethylene glycol derivative exceeds 
20,000, the outer aqueous phase itself has an increased viscosity, 
which in turn increases the viscosity of the oil adjuvant vaccine 
as a whole, thereby providing an insufficient viscosity-decreasing 

30 effect. When the content exceeds 20 wt%, the inner aqueous phase 
and the outer aqueous phase show completely different osmotic 
pressures. As a result, a stable W/O/W type emulsion cannot be 
afforded, which in turn possibly makes preparation of a stable oil 
adjuvant vaccine unattainable. 

35 In the present invention, a higher molecular weight of the 

above-mentioned polyethylene glycol derivative causes a higher 
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viscosity of the outer aqueous phase, as a result of which the oil 
adjuvant vaccine has a higher viscosity. It is desirable to 
adjust its content to fall within the above-mentioned range 
according to the molecular weight of the polyethylene glycol 
5 derivative . 

According to the present invention, a polyethylene glycol 
derivative, from among those exemplified above having a molecular 
weight in the range of 400 - 20,000, may be used alone or two or 
more derivatives having different molecular weights may be used in 
10 combination • 

In view of the stability as a preparation and an adjuvant 
effect of the final oil adjuvant vaccine, a polyethylene glycol 
derivative preferably has a molecular weight of 1000 - 10,000, and 
S is contained in an outer aqueous phase particularly in a 
35 proportion of 1 - 10 wt%, preferably 1-5 wt%, of said phase. 
S The oil adjuvant vaccine prepared according to the present 

Z\ invention is characterized by superior adjuvant effect and lower 
O viscosity that are attributable to the fact that the polyethylene 
f glycol derivative is present in the outer aqueous phase. In 
1=30 general, a W/O/W type emulsion often shows a highly increased 
Li viscosity and aggregation of W/O particles, due to the effect of 
yj the substances contained in the inner aqueous phase and to the 
y fact that different components are contained in the inner aqueous 
~ phase and the outer aqueous phase. Particularly, an antigen 
25 solution used for an oil adjuvant vaccine could contain various 
ingredients at high concentrations, such as cell components and 
medium components. For use as a W/O/W type oil adjuvant vaccine, 
therefore, W/O/W type emulsions having the same composition may 
show too dramatically different levels of viscosity and stability, 
30 which is due to the effect of other components in the antigen 
solution to be used. This poses a serious problem particularly 
when plural kinds of antigens are admixed to give a vaccine, and 
needs to be avoided by all means during the production and control 
of a vaccine. In the present invention, however, a polyethylene 
35 glycol derivative is contained in the outer aqueous phase to 

reduce viscosity, irrespective of composition or components of the 
inner aqueous phase, which in turn overcomes such problem. When 
an oil adjuvant vaccine has a high viscosity, the workability 
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during administration to a body becomes poor, which may in turn 
result in a lower diffusing performance in the body and adverse 
effects, such as topical response, and residual vaccine at an 
injection site. By the addition of a polyethylene glycol 
5 derivative to the outer aqueous phase, these aspects can be also 
improved . 

One of the major factors that affect the properties of the 
W/O/W type oil adjuvant is the particle size of the W/O emulsion 
contained in the outer aqueous phase. In general terms, when the 
10 particle size of the W/O emulsion contained in the outer aqueous 
phase is large, the W/O/W type oil adjuvant shows a behavior of a 
W/O type oil adjuvant upon inoculation. This means that the 
adjuvant effect becomes higher but the side effects, such as 
^ topical response, also become strong. In addition, particles tend 
Sj.5 to be agglomerated, thereby lowering the stability as a 
jjf preparation. In contrast, when a W/O emulsion contains relatively 
yj smaller particles, the preparation has a higher stability, reduced 
3 side effects and a weaker adjuvant effect. The W/O/W type oil 
' s adjuvant vaccine prepared by the present invention shows a high 

1=20 immunopotentiating effect even when W/O emulsion particles are 
™ relatively small. Thus, the inventive vaccine shows superior 
bj stability as a preparation, fewer and lower levels of side effects 
y and superior effectiveness. From the aspects of the stability as 
~~ a preparation and reduction of the side effects, substantially all 
25 of the W/O emulsion particles constituting the W/O/W type oil 

adjuvant vaccine preferably have a particle size of not more than 
50 urn and an average particle size of not more than 20 urn. 

The production method of the oil adjuvant vaccine of the 
present invention is not particularly limited and can be a known 
30 method. When the oil adjuvant vaccine of the present invention is 
prepared, the W/O emulsion prepared in Step 1 preferably contains 
an oil component (A) in a proportion of 30 - 90 wt%, preferably 40 
- 80 wt%, an emulsifier (B) in a proportion of 1 - 20 wt%, 
preferably 2 - 15 wt%, and an aqueous component (C) containing an 
35 antigen, in a proportion of 5 - 75 wt%, preferably 15 - 60 wt%, 
all relative to the W/O emulsion. The emulsifier (D) is used in 
Step 2 in a proportion of 0.1 - 20 wt%, preferably 0.5 - 10 wt%, 
of the total of the emulsifier (D), the aqueous component (E) and 
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the polyethylene glycol derivative. 

The mixing ratio of the W/O emulsion (prepared in Step 1) 
and a liquid containing an emulsifier (D) and an aqueous component 
(E) in Step 2 is determined as appropriate depending on the 
5 objective or selected antigen kind. The weight ratio preferably 
W/O emulsion: a liquid containing an emulsifier (D) and an aqueous 
component (E) = 2:1 - 1:10, preferably 2:1 - 1:5. 

According to the present invention, a polyethylene glycol 
derivative is added to the outer aqueous phase by partly or 
10 entirely adding the above-mentioned polyethylene glycol derivative 
of the formula (I), which has a molecular weight of 400 - 20,000, 
in advance to the above-mentioned liquid containing an emulsifier 
(D) and an aqueous component (E). Alternatively, a W/O/W type oil 
adjuvant is prepared and the polyethylene glycol derivative 
S15 separately dissolved in water, physiological saline or buffer is 
!= added. The amount of the polyethylene glycol derivative to be 
y added is as mentioned above. 

ff When an oil adjuvant vaccine containing plural kinds of 

'- antigens is prepared, W/O emulsions containing each kind of 
^20 antigen in the inner aqueous phase are prepared, mixed, and 
g dispersed in a liquid containing an emulsifier (D) and an aqueous 
yj component (E), as shown later. Alternatively, W/O/W type oil 
S adjuvants for any number of antigens are prepared and mixed, as 
mentioned later. 

25 The oil adjuvant vaccine of the present invention as a 

pharmaceutical product can contain various additives that are not 
directly involved in the adjuvant activity, such as buffer agent, 
antiseptics, osmotic pressure controlling agent and the like. 
For the preparation of the oil adjuvant vaccine of the 

30 present invention, any apparatus capable of emulsifying can be 
used both for the preparation of a W/O emulsion containing an 
antigen in the inner aqueous phase (Step 1) and for dispersing or 
emulsifying the W/O emulsion in a liquid containing an emulsifier 
(D) and an aqueous component (E) (Step 2), a typical emulsifying 

35 apparatus (e.g., homomixer, homogenizer, CLEARMIX (manufactured by 
M TECHNIQUE) and the like), a membrane emulsifying apparatus using 
a porous membrane, a high pressure jet emulsifying apparatus and 
the like can be used. Where necessary, the W/O emulsion 
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constituting the oil adjuvant vaccine of the present invention is 
passed through a membrane filter to make the particle size below a 
certain level . 

In the preparation of a vaccine, moreover, each component 
5 to be used may be subjected to a sterilization treatment in 

advance, depending on the property thereof, such as sterilization 
by heating and sterilization by filtering. 

When the oil adjuvant vaccine prepared by the present 
invention is applied to a body, a suitable administration route is 
10 employed, such as subcutaneous, intramuscular and intraperitoneal 
injections, and administration through mucosal membrane of nasal 
cavity and intestinal lumen. The dose and administration 
frequency are to be determined appropriately to achieve a desired 
~ immunological effect according to a method typically employed in 
sJ5 the pertinent field. 

2 The present invention is explained in detail by referring 

yj to illustrative examples. The present invention is not limited by 
p these examples in any way. 

a In the following Examples, polyethylene glycol (hereinafter 

f=§0 to be also referred to as PEG or Macrogol) was used as a 

^ polyethylene glycol derivative. 

LU [preparation of oil adjuvant: vaccine] 

S= The oil adjuvant vaccine used in each of the following 

Examples was prepared by the following method using CLEARMIX CLM- 

25 0.8S (M TECHNIQUE). Emulsif ication was performed at room 
temperature and cooling water was used as necessary. Each 
component in the following compositions was subjected to a 
sterilization treatment by a suitable sterilization method. Each 
operation of stirring, emulsifying etc. was performed under a 

30 sterile environment. In Examples, "parts" means "parts by weight". 

In the following preparations of oil adjuvant vaccines, the 
"outer aqueous phase" means a liquid to be mixed with a W/O 
emulsion for the preparation of a W/O/W type oil adjuvant vaccine. 
({Example 1: preparation of vaccine 1» 

35 In accordance with the composition of W/O-l in Table 1, 

each component other than the antigen suspension was weighed and 
placed in a beaker. A polyoxyethylene hydrogenated castor oil was 
heated to 50°C and dissolved before use. An aqueous solution of 
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sodium glutamate and sorbitol was mixed with sorbitan sesquioleate 
at a weight ratio of 1/1 , stirred and added. The remaining 
sorbitan sesquioleate was added as it was. Thereto was added 
gradually the antigen suspension with stirring and mixed by 
5 stirring at 12,000 rpm for 5 min at normal temperature in CLEARMIX 
CLM-0.8S (M TECHNIQUE) to give a W/O type emulsion (W/O-l). 

According to the composition of the outer aqueous phase 1 
in Table 3, each component was dissolved in phosphate buffered 
saline (PBS, pH 7.4) (outer aqueous phase 1). The above-mentioned 
10 W/O-l (1 part) and the outer aqueous phase 1 (1 part) were weighed 
in a beaker and mixed using CLEARMIX CLM-0.8S at 9,000 rpm for 5 
min to give an oil adjuvant vaccine 1. in the following Examples 
^ and Comparative Examples, the W/O emulsion and the outer aqueous 
Jrj phase were mixed under the same conditions as in Example 1 for 
-45 vaccine preparation, unless particularly specified. 
^Example 2: preparation of vaccine 2» 

Li * 

y The W/O type emulsion (W/O-l, 1 part) prepared in Example 1 

P and the outer aqueous phase 2 (1 part) prepared according to the 
a _ composition of the outer aqueous phase 2 in Table 3 were weighed 

; NS0 and an oil adjuvant vaccine 2 was prepared. 
q ((Example 3: preparation of vaccine 3» 

yj According to the composition of the W/O-2 in Table 1, each 

^ component other than the antigen suspension was weighed in a 
~~ beaker. The polyoxyethylene hydrogenated castor oil was heated to 
25 50°C and dissolved before use. Japanese Pharmacopoeia Macrogol 

6000 was homogeneously dissolved in advance in the antigen 

suspension. Under the same conditions as in Example 1, a W/O type 

emulsion was prepared (W/O-2). 

Then, W/O-2 (3 parts) and the outer aqueous phase 3 (2 
30 parts) prepared according to the composition of the outer aqueous 

phase 3 in Table 3 were weighed and an oil adjuvant vaccine 3 was 

prepared . 

((Example 4: preparation of vaccine 4» 

According to the composition of the outer aqueous phase 4 
35 in Table 3, each component was weighed. The components were 

heated to about 60°C, thoroughly mixed, dispersed and cooled to 
room temperature for use as outer aqueous phase 4. Then, a W/O 
type emulsion (W/O-2, 1 part) prepared in Example 3 and outer 



15 




aqueous phase 4 (3 parts) were weighed, and oil adjuvant vaccine 4 
was prepared. 

«Example 5: preparation of vaccine 5» 

According to the composition of W/O-3 in Table 1, each 
5 component other than the antigen solution was weighed in a beaker. 
In the same manner as in Example 1, the antigen suspension was 
added gradually while stirring the mixture and a W/O type emulsion 
(W/O-3) was prepared in the same manner as in Example 1. 

Then, this W/O type emulsion (W/O-3, 2 parts) and outer 
10 aqueous phase 2 (3 parts) were weighed in a beaker and an oil 
adjuvant vaccine 5 was prepared. 
{(Example 6: preparation of vaccine 6» 
_ The w/o type emulsion (W/O-3, 2 parts) prepared in Example 

8 5 and outer aqueous phase 5 (2 parts) prepared according to the 
\J5 composition of the outer aqueous phase 5 in Table 4 were weighed 
S and mixed using CLEARMIX CLM-0.8S at 9,000 rpm for 5 min to give 
y an emulsion. Japanese Pharmacopoeia Macrogol 6000 was dissolved 
g in PBS to the concentration of 10 wt% and the resulting solution 
= (1 part) was added. The mixture was stirred gently to give oil 

^20 adjuvant vaccine 6 . 

p ({Example 7: preparation of vaccine 7» 

W According to the composition of W/O-4 in Table 2, each 

g component other than the antigen suspension was weighed in a 

beaker. In the same manner as in Example 1 using CLEARMIX CLM- 
25 0.8S, a W/O type emulsion was prepared (W/O-4) . 

Then, W/O-4 (1 part) and outer aqueous phase 4 (1 part) 
prepared according to the composition of the outer aqueous phase 4 
in Table 3 were weighed and an oil adjuvant vaccine 7 was prepared. 
{{Example 8: preparation of vaccine 8» 
30 According to the composition of W/O-5 in Table 2, each 

component other than the antigen suspension was weighed in a 
beaker. The polyoxyethylene hydrogenated castor oil was heated to 
60°C and dissolved before use. The antigen suspension was added 
gradually with stirring and a W/O type emulsion (W/0-5) was 
35 prepared in the same manner as in Example 1. 

Then, W/O-5 (1 part) and outer aqueous phase 2 (1 part) 
were weighed and an oil adjuvant vaccine 8 was prepared. 
{{Example 9: preparation of vaccine 9» 
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According to the composition of W/O-6 in Table 2, each 
component other than the antigen suspension was weighed in a 
beaker. Egg yolk lecithin was homogeneously dissolved in the oil 
phase and polyoxyethylene hydrogenated castor oil was heated to 
5 60°C and dissolved before use. The antigen suspension was added 
gradually with stirring and a W/O type emulsion (W/0-6) was 
prepared in the same manner as in Example 1. 

Then, W/O-6 (3 parts) and outer aqueous phase 3 (2 parts) 
were weighed and an oil adjuvant vaccine 9 was prepared. 
10 ((Comparative Example 1: preparation of vaccine 10)) 

The W/O-l (1 part) prepared in Example 1 and outer aqueous 
phase 5 (1 part) shown in Table 4 were weighed and an oil adjuvant 
vaccine 10 was prepared. 
t 4j ((Comparative Example 2: preparation of vaccine ll)> 

The W/O-l (1 part) prepared in Example 1 and outer aqueous 
phase 6 (1 part) shown in Table 4 were weighed and an oil adjuvant 
ry vaccine 11 was prepared. 

Hj ((Comparative Example 3: preparation of vaccine 12» 

„ The W/O- 2 (3 parts) prepared in Example 3 and outer aqueous 

h§0 phase 7 (2 parts) shown in Table 4 were weighed and an oil 
™ adjuvant vaccine 12 was prepared. 

W ((Comparative Example 4: preparation of vaccine 13)) 
^ The W/O-3 (2 parts) prepared in Example 5 and outer aqueous 

phase 5 (3 parts) shown in Table 4 were weighed and an oil 
25 adjuvant vaccine 13 was prepared. 

((Comparative Example 5: preparation of vaccine 14» 

The W/O-4 (1 part) prepared in Example 7 and outer aqueous 
phase 8 (1 part) shown in Table 4 were weighed and an oil adjuvant 
vaccine 14 was prepared. 
30 ((Comparative Example 6: preparation of vaccine 15)) 

The W/O-5 (1 part) prepared in Example 8 and outer aqueous 
phase 6 (1 part) shown in Table 4 were weighed and an oil adjuvant 
vaccine 15 was prepared. 

((Comparative Example 7: preparation of vaccine 16)) 
35 The W/O-6 (3 parts) prepared in Example 9 and outer aqueous 

phase 7 (2 parts) shown in Table 4 were weighed and an oil 
adjuvant vaccine 16 was prepared. 

The compositions of the W/O emulsions used for the vaccines 
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of Examples and Comparative Examples are shown in Tables 1 and 2, 
the compositions of the outer aqueous phases are shown in Tables 3 
and 4, and the mixing ratios of the W/O emulsion and the outer 
aqueous phase of the vaccines are shown in Table 5. 

Table 1: Composition of W/O emulsion - 1 





Mixing ratio (wt%) 


compound 


W/O— 1 


• W/O— 2 


; W/O-3 


ethvl oleate 


40 






squalene 




: 55 


: 20 


purified soybean oil 






i 15 


sorbitan sesquioleate 


10 


10 


: 10 


polyoxyethy lene (20) hydrogenated 
castor oil* 1) I 






5 


polyoxyethylene (40) hydrogenated 
castor oil* 1) 


5 


3 




polyoxyethylene (20) sorbitan 
monooleate* 1 ) 




2 




aqueous solution* 2 J of sodium 
glutamate and sorbitol 


5 






antigen suspension 


40 : 


29 : 


50 


Japanese Pharmacopoeia Macrogol 
6000* 3) 




1 




Total 


100 : 


100 • 


100 



^ *1) Figures in the parentheses show average numbers of moles of 
10 ethylene oxide added. 

*2) Aqueous solution (100 mL) prepared by dissolving sodium 

glutamate monohydrate (25 g) and sorbitol (10 g) in 

distilled water. 

*3) Macrogol was dissolved in advance in the antigen suspension. 
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Table 2: Composition of W/O emulsion - 2 



Components added 


Mixing ratio (wt%) 


compound 


W/O-4 


: W/O-5 


• W/O-6 


oleyl oleate 


40 


i _ 


: 30 


squalene 


- 


• 


: 20 


isopropyl myristate 




60 




purified yolk lecithin 






2 


glycerol monooleate 


15 


10 


8 


polyoxy ethylene ( 10 ) hydrogenated 
castor oil* 1 * 


5 


5 




polyoxyethylene ( 60 ) hydrogenated 
castor oil* 1 * 




5 


5 


antigen suspension 


40 


20 


35 


Total 


100 : 


100 


100 



Figures in the parentheses show average numbers of moles of 
ethylene oxide added • 



Table 3: Composition of outer aqueous phase of oil adjuvant 

vaccine - 1 



Components added 


Mixing ratio (%) 


compound 


outer 
aque- 
ous 
phase 
1 


i outer 
i aque- 
i ous 
i phase 
! 2 


I outer 
i aque- 
ous 
phase 

i 3 


■ outer 
i aque- 
i ous 
i phase 

I 4 


polyoxyethylene ( 60 ) hydrogenated 
castor oil* 1 * 


2 






i 2 


polyoxyethylene (20) sorbitan 
monooleate* 1 * 






2 




polyoxyethylene (196) polyoxypropylene 
(67) glycol* 1 * 


1 


3 






purified yolk lecithin 








2 


Macrogol 1000* 5) 








1 


Japanese Pharmacopoeia Macrogol 4000 




4 ; 


1 ; 




Japanese Pharmacopoeia Macrogol 6000 


3 : 




1 : 




phosphate buffered saline (PBS) 


94 : 


93 i 


96 : 


95 


Total 


100 ■ 


100 ; 


100 i 


100 



10 

*1) Figures in the parentheses show average numbers of moles of 

ethylene oxide added. 
*2) Japanese Pharmaceutical Excipients acceptable product 
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Table 4: Composition of outer aqueous phase of oil adjuvant 

vaccine - 2 





Mixing ratio (%) 


compound 


outer 

on ^ 

phase 
5 


outer 

aquc- 

phase 
6 


outer 
aque— 

on c 

phase 
7 


outer 
aque— 

phase 
8 


polyoxyethy lene (60) hydrogenated 
castor oil* 1 * 


2 






2 


polyoxyethylene ( 20 ) sorbitan 
monooleate* 1) 






2 




polyoxyethylene (196) 
polyoxypropylene( 67 ) glycol* 1 ) 


1 


3 






purified yolk lecithin 








2 


phosphate buffered saline (PBS) 


97 


97 


98 


96 


Total 


100 

1 1 


100 

._ 


100 


100 



gi 5 *1) Figures in the parentheses show average numbers of moles of 
Jif ethylene oxide added. 

f Table 5: W/O emulsion and outer aqueous phase used for each 

vaccine preparation and amounts added thereof 

Q.0 



Vaccine No. 


W/O emulsion 


Outer aqueous phase 


Example 


Vaccine 1 


w/O-1 (1 part) 


outer aqueous phase 1 (1 part) 


Vaccine 2 


W/O-l (1 part) 


Outer aqueous phase 2 (1 part) 


Vaccine 3 


W/O-2 (3 parts) 


outer aqueous phase 3 (2 parts) 


Vaccine 4 


W/O-2 (1 part) 


outer aqueous phase 4 (3 parts) 


Vaccine 5 


W/O-3 (2 parts) 


outer aqueous phase 2 (3 parts) 


Vaccine 6 


W/0-3 (2 parts) 


outer aqueous phase 5 (2 parts) 
Macrogol solution (1 part)* 1 * 


Vaccine 7 


W/O-4 (1 part) 


outer aqueous phase 4 (1 part) 


Vaccine 8 


W/O- 5 (1 part) 


outer aqueous phase 2 (1 part) 


Vaccine 9 


W/O-6 (3 parts) 


outer aqueous phase 3 (2 parts) 


Compara- 
tive 
Example 


Vaccine 10 


W/O-l (1 part) 


outer aqueous phase 5 (1 part) 


Vaccine 11 


W/O-l (1 part) 


outer aqueous phase 6 (1 part) 


Vaccine 12 


W/O-2 (3 parts) 


outer aqueous phase 7 (2 parts) 


Vaccine 13 


^W/6-3 (2 parts) 


outer aqueous phase 5 (3 parts) 


Vaccine 14 


W/O-4 (1 part) 


outer aqueous phase 8 (1 part) 


Vaccine 15 


W/O-5 (1 part) 


outer aqueous phase 6 (1 part) 


Vaccine 16 


W/O-6 (3 parts) 


outer aqueous phase 7 (2 parts) 



*1) See Example 6 in the Specification for the detail of the 
preparation method. 
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[Immunity test] 

The oil adjuvant vaccines containing various antigens were 
subjected to immunity tests. The symbols of the vaccines used in 
5 respective Experimental Examples correspond to those used in the 
aforementioned Examples and Comparative Examples. 
{(Experimental Example 1: Swine Erysipelothrix rhusiopathiae (Er) 
inactivated vaccine)) 

The culture of Erysipelothrix rhusiopathiae SE-9 strain 
10 (AMERICAN TYPE CULTURE COLLECTION ) in medium containing 5% bovine 
serum and brain heart infusion broth (BHIB) was inactivated with 
formalin to give an antigen. Using the antigen, vaccines 1, 3, 5, 
7, 10, 12 and 14 were prepared. For preparation, the antigen 
;== concentration of each vaccine was appropriately adjusted to 5. OX 
%1 5 10 8 CFU/ml with phosphate buffered saline (PBS). Placebo 
y containing PBS instead of the antigen solution was prepared for 
fg each vaccine. Each vaccine was diluted with the corresponding 
O placebo to give a 5-fold serial dilution. As the control, 
g Freund's incomplete adjuvant (IFA), an adjuvant (I FA-PEG) wherein 

H20 PEG 1000 was added to the inner aqueous phase of IFA in a 
g proportion of 5% of the inner aqueous phase and a vaccine 
y containing an aluminum hydroxide gel as an adjuvant were prepared. 
j5? Each vaccine (or diluted vaccine) was inoculated (0.25 

ml/mouse) subcutaneously to the inner thigh of 5-week-old Clean 
25 mouse (5 mice per group). After 3 weeks from the immunization, Er 
Fujisawa strain [Japanese Association of Veterinary Biologies 
(JAVB)] was injected subcutaneously (2.2X10 6 CFU/0.1 ml/mouse) 
into the inner thigh of each mouse. After the injection, the 
survival of the mice was monitored for 10 days, and 50% survival 
30 vaccine dilution multiple as expressed in PD 50 was calculated. 

After 2 weeks from the immunization, an undiluted vaccine and a 5- 
fold diluted vaccine were inoculated to the mice (10 mice for each 
formulation) and the injection site was examined by palpation to 
determine the degree of induration. The degree of induration was 
35 scored in 5 levels (0: none, 1: light - 4: severe) and an average 
was calculated for each formulation. 

The W/O/W type oil adjuvant vaccines prepared at this time 
were measured for the average particle size by a laser diffraction 
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particle size analyzer SALD-2100 (SHIMADZU CORPORATION). 

The results of effectiveness (PD 50 ) are summarized in Table 

6. 



Table 6: Swine erysipelas - mouse immunization test results 

(Experimental Example 1) 





Test results (survived mice/mice tested) 


PD 5 o 


undiluted 
vaccine 


X 
5 


X 
25 


X 

125 


X 

625 


X 

3125 


X 

15625 


(fold) 


[immunization group] 


Vaccine 1 
Vaccine 3 
Vaccine 5 
Vaccine 7 


5/5 


5/5 


5/5 


5/5 


4/5 


3/5 


0/5 


2660.4 


5/5 


5/5 


5/5 


5/5 


3/5 


2/5 


0/5 


1397.5 


5/5 


5/5 


5/5 


5/5 


4/5 


2/5 


0/5 


1928.2 


5/5 


5/5 


5/5 


5/5 


4/5 


1/5 


0/5 


1397.5 


[immunization group for comparison] 


Vaccine 10 
Vaccine 12 
Vaccine 14 
IFA 

IFA-PEG 
aluminum gel 


5/5 


5/5 


5/5 


5/5 


2/5 


0/5 


0/5 


532.1 


5/5 


1 5/5 


5/5 


3/5 


2/5 


1/5 


0/5 


385.7 


5/5 


5/5 


5/5 


3/5 


2/5 


0/5 


0/5 


279.5 


5/5 


5/5 


5/5 


5/5 


5/5 


3/5 


0/5 


3670.7 


5/5 


5/5 


5/5 


5/5 


4/5 


1/5 


0/5 


1397.5 


5/5 


5/5 


4/5 


2/5 


0/5 


0/5 


0/5 


77.1 



The results are shown in the number of the survived mice 
inoculated with a diluted vaccine (or an undiluted vaccine) and 
PD 50 values thereof. As used herein, a greater PD 50 shows higher 
effectiveness. Of the immunization groups, the vaccine 1, 3, 5, 7 
inoculation group showed a PD 50 of not less than 1300, exhibiting 
superior effectiveness comparable to IFA. In contrast, the 
immunization group for comparison (administered with vaccine 10, 
12, 14 and aluminum gel adjuvant) showed PD 50 values of 532.1, 
385.7, 279.5 and 77.1. It is evident that the vaccine prepared by 
the present invention showed significantly high PD 50 values. 
These results have established that the vaccine prepared by the 
present invention is highly effective. 

Then, the injection site was examined by palpation to 
determine the degree of induration. The average particle size of 
the W/O/W type oil adjuvant vaccine is shown in Table 7 along with 
the degree of induration. 
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Table 7: Swine erysipelas - topical response of injection site 

in mouse (Experimental Example 1) 





Topical response 
( average ) of 
injection site 


Average particle 
size ((.un) 


[immunization group] 


Vaccine 1 
Vaccine 3 
Vaccine 5 
Vaccine 7 


0.1 


6.8 


0.2 


8.1 


0 


7.2 


0.2 


7.9 


[immunization group for comparison] 


Vaccine 10 
Vaccine 12 
Vaccine 14 

IFA 

IFA-PEG 
aluminum gel 


0.3 


7.5 


0.2 


8.5 


0.8 


8.8 


3.8 




3.2 




0 





pi5 score of topical response at injection site (0:none, 1: light - 4: 
jif severe ) 

s The immunization group scarcely showed reaction at the 

\ — E. 

La injection site, thereby demonstrating high safety of the injection , 
plO and the average particle size was not more than 7.2 - 8.1 or 20 juri. 
j5 In contrast , the immunization group for comparison showed an 
Q average particle size of the W/O/W type oil adjuvant vaccine of 
almost the same level, and the response at the injection site of 
the immunization group for comparison except IFA and IFA-PEG was 
15 small. However, the mice in the IFA and IFA-PEG injection groups 
developed severe induration, making the reaction score extremely 
high, wherein about 3/4 or more of the mice inoculated with IFA or 
IFA-PEG suffered from disturbance in gait. 

The foregoing results establish that the oil adjuvant 
20 vaccine of the present invention shows dramatically superior 

effectiveness as well as extremely light response at the injection 
site as with an aluminum gel vaccine. The inventive vaccine is 
highly safe. 

((Experimental Example 2: Swine Mycoplasma inactivated vaccine)) 
25 Vaccines 2, 4, 6, 11 and 13 were prepared from Mycoplasma 

hyopneumonlae 92-28 strain (strain isolated from field swine; 
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Juridical Foundation, The Chemo-Sero-Therapeutic Research 
Institute) cultured in BHL medium supplemented with swine serum 
and inactivated with formalin. For preparation, the antigen 
content of each vaccine was adjusted with phosphate buffered 
5 saline (PBS) to the antigen concentration of 8.0X10 8 CCU/ml. A 
vaccine (vaccine AL) using an aluminum hydroxide gel ( ALHY DROGEL 
85, Superfos, aluminum conversion 9 mg/ml) as an adjuvant, and a 
vaccine (vaccine AL-PEG) obtained by adding Japanese Pharmacopoeia 
Macrogol 4000 to an aluminum hydroxide gel to the final 
10 concentration of 4% were adjusted to have the same antigen 
concentration . 

Each vaccine (2 ml/swine) was inoculated twice to SPF 
(Specific Pathogen Free) swine (8 swine/group, 4-week-old at the 
time of first immunization) into the cervical muscle at 2 week 
-A5 intervals. After one week from the second immunization, lung 
!b? homogenate (3X10 6 CCU/6 ml/swine) derived from swine infected 
yj with Mycoplasma hyopneumoniae 92-28 strain (strain isolated from 
Q field swine; Juridical Foundation, The Chemo-Sero-Therapeutic 
' s Research Institute) was administered into the trachea. After four 
1=20 weeks from the administration, the swine were subjected to autopsy, 
JZ and lung lesion was observed. Respective lung lesions were scored, 
hj and a decrease (%) in the lesion by each vaccine relative to the 
*zi lesion of the non-immunized control swine was calculated. 
~~ The results are shown in Table 8. 

25 
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Table 8: Swine Mycoplasma infection - mouse immunization test 

results (Experimental Example 2) 





Immu n iz at ion 


Immunization group for 








group 






comparison 






Vac- 
cine 


Vac- 
cine 


Vac- 
cine 


Vac- 
cine 


Vac- 
cine 


Vac- 
cine 


Vac- 
cine 


Non- 

T TYlTTin T\ "1 

JJlUllllIl -L~ 

z at ion 
control 




2 


4 


6 


11 


13 


AL 


AL-PEG 




0 


0 


0 


15.2 


1 fi A 






j * j 




1.3 


o n 
z . U 


U 


u • D 


5.5 


15.2 


16.5 


11.8 


Lesion score 
(each 

individual) 


0.5 


9.6 


3.6 


9.1 


22.0 


5.5 


22.1 


14.5 


16.2 


30.2 


5.8 


4.5 


4.58 


19.6 


25.9 


32.7 


2.6 
9.2 


5.5 
16.3 


18.6 
20.6 


14.2 
23.0 


19.5 
23.3 


56.3 
12.4 


30.6 
11.1 


15.9 
40.2 




3.5 


1.5 


9.6 


38.6 


36.2 


28.4 


9.1 


25.5 




19.6 


10.5 


10.2 


10.2 


14.4 


30 


30 


45.5 


(Average) 


6.6 


9.5 


8.6 


14.4 


17.7 


23.9 


24.4 


24.0 


Decrease ( % ) 
in lesion 


72.3 


60.5 


64.3 


39.8 


26.0 


0.3 


-2.0 





j\ 5 The immunization groups inoculated with vaccines 2, 4 and 6 

M showed decrease in the lesion by 60% or above, establishing 
rt superior effectiveness. The vaccine 6, to which PEG was added 
p after secondary emulsif ication, showed almost the same effect as 
^ other immunization groups. In contrast, the immunization groups 
10 for comparison administered with vaccines 11 and 13 showed a 

decrease in the lesion by 39.8% and 26.0%, respectively, and the 
aluminum gel vaccine did not at all show a lesion-decreasing 
effect by the vaccine, irrespective of the presence or otherwise 
of PEG addition. 

15 The foregoing effects establish that the oil adjuvant 

vaccine of the present invention shows superior effects even when 
Mycoplasma is used as an antigen. In addition, the results 
establish that the addition of PEG to the outer aqueous phase is 
effective whether before or after the secondary emulsif ication. 

20 [Measurement of viscosity of emulsion] 

The prepared W/O/W type oil adjuvant vaccines were measured 
for viscosity. The swine Eryslpelothrlx rhusiopahtiae vaccine 
(vaccines 1, 3, 5, 7, 10, 12, 14) prepared in the above 
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Experimental Example 1, as well as respective vaccines prepared 
according to the formulations of vaccines 2, 4, 6, 8, 9, 11, 13, 
15 and 16 and using the swine Eryslpelothrix rhusiopahtiae as an 
antigen were subjected to the measurement, so that the comparison 
5 can be made under the same formulation of antigen suspension. The 
viscosity was measured one week from the vaccine preparation, 
using an E type rotary viscometer (TOKI SANGYO CO., LTD., RE105H 
type) at 25°C. The results are shown in Table 9. 



10 Table 9: Viscosity of vaccine preparation 





Vaccine No. 




Viscosity (mPa*s, 










25°C) 




Example 


Vaccine 


1 


33 






Vaccine 


2 


28 






Vaccine 


3 


42 






Vaccine 


4 


35 






Vaccine 


5 


31 






Vaccine 


6 


32 


! 3 




Vaccine 


7 


38 






Vaccine 


8 


45 






Vaccine 


9 


29 




Comparative 


Vaccine 


10 


153 




Example 


Vaccine 


11 


161 


1 s i 




Vaccine 


12 


206 






Vaccine 


13 


187 






Vaccine 


14 


470 






Vaccine 


15 


396 






Vaccine 


16 


315 



As shown in Table 9, the vaccines of Examples all showed a 
viscosity at 25°C of not more than 50 mPa-s. The viscosity was 
15 very low and it facilitated injection. In contrast, the vaccines 

of Comparative Examples had a viscosity of not less than 150 mPa*s, 
necessitating a considerable force and time for injection. 

The above results suggest that the W/O/W type oil adjuvant 
vaccine of the present invention can have significantly reduced 
20 viscosity by containing a polyethylene glycol derivative in the 
outer aqueous phase, thus indicating that the administration of 
the inventive vaccine can save labor to a great extent. 
[Measurement of inclusion rate of emulsion] 

The prepared W/O/W type oil adjuvant vaccines were measured 
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for inclusion rate. Swine Mycoplasma vaccine (vaccines 2, 4, 6, 
11, 13) used in Experimental Example 2 above, as well as 
respective vaccines prepared according to the formulations of 
vaccines 1, 3, 5, 7 , 8, 9, 10, 12, 14, 15 and 16 and using said 
5 Mycoplasma as an antigen were subjected to the measurement, so 
that the comparison can be made under the same formulation of 
antigen suspension. The prepared vaccines were diluted with PBS, 
centrifuged to separate the emulsion part from the outer aqueous 
phase. These were harvested and the protein amount in the outer 
10 aqueous phase was measured. The protein amount in the outer 

aqueous phase was subtracted from that in the antigen suspension 
(constituting the inner aqueous phase) added during the 
preparation of W/O emulsion, to determine the amount of the 
y protein retained in the inner aqueous phase, based on which the 
%15 inclusion rate was calculated from the following formula. 

[si Inclusion rate (%)= [(amount of protein in added antigen solution) 



- (amount of protein in outer aqueous phase)] / amount of 
protein in added antigen suspension 



1=20 



The vaccines were stored at 4°C after preparation, and the 
inclusion rate was measured on the next day of the vaccine 
preparation and 3 months later. 

The results of the inclusion rate are shown in Table 10. 
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Table 10: Inclusion rate of prepared vaccine 





Inclusion rate (%) 


Next day of 
preparation 


3 months after 
preparation 


Example 


Vaccine 1 


98 


97 


Vaccine 2 


98 


98 


Vaccine 3 


93 


90 


Vaccine 4 


94 


92 


Vaccine 5 


93 


93 


Vaccine 6 


92 


90 


Vaccine 7 


94 


92 


Vaccine 8 


97 


97 


Vaccine 9 


92 


89 


Comparative 
Example 


Vaccine 10 


97 


95 


Vaccine 11 


98 


98 


Vaccine 12 


81 


71 


Vaccine 13 


91 


90 


Vaccine 14 


96 


96 


Vaccine 15 


94 


94 


Vaccine 16 


87 


85 



M= In both the Examples and Comparative Examples, high 

f 5 inclusion rate of not less than 70% was observed the next day of 
Li preparation and 3 months from the preparation, thus demonstrating 
G3 superior stability. Particularly, the vaccines of Examples showed 
S extremely low viscosity as shown in Table 9 and superior protein 
O inclusion rate. 
10 The foregoing results establish that the W/O/W type oil 

adjuvant vaccine of the present invention having dramatically low 
viscosity has high stability. 

As is evident from the results shown in Table 6 - Table 10, 
the oil adjuvant vaccine of the present invention exhibits well- 
15 balanced superior effectiveness characteristic of the W/O type oil 
adjuvant and superior safety characteristic of the O/W type oil 
adjuvant. The constitution of the present invention, where a 
specific polyethylene glycol derivative is contained in the outer 
aqueous phase of the W/O/W type oil adjuvant vaccine, enables 
20 preparation of a useful oil adjuvant vaccine which is free of an 

influence from the components contained in the inner aqueous phase 
and which is superior in preparation stability and workability to 
allow a person to give an injection easily due to the lowered 
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# # 

viscosity. 

The W/O/W type oil adjuvant vaccine of the present invention 
affords a high adjuvant effect and shows superior preparation 
stability and fewer side effects such as topical response. 
5 This application is based on application No. 316121/1999 

filed in Japan, the contents of which are incorporated hereinto by 
reference. 
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